ABSTRACT Objectives: To assess whether depression and anxiety increase the risk of mortality and major adverse cardiovascular events (MACE), among patients with and without coronary artery disease (CAD).
INTRODUCTION
Depressive disorders are the most common psychiatric disorders among patients with coronary artery disease (CAD). 1 2 Consequently, a large number of studies have assessed the relationship between depressive symptoms and disorders and CAD. A meta-analysis revealed a pooled ORs of 2.25
Strengths and limitations of this study ▪ To our knowledge, it is the first study to examine the relative and independent effect of depressive and anxiety disorders on the prospective risk of major adverse cardiovascular events and mortality among patients with and without coronary artery disease. ▪ The use of a valid structured clinical interview to assess depressive and anxiety disorders constitutes another important strength. The large sample size (n=2390), the inclusion of both men and women, the inclusion of several important covariates in the analyses, the relatively long follow-up period (8.8 years) , and the use of objective administrative database data to assess outcomes are other important strengths. ▪ Body mass index (BMI) had to be imputed for about half of the sample, which could have biased our results. However, we conducted the statistical models a second time without BMI as a covariate, and we obtained the same pattern of results, suggesting that our results have not been influenced by this limitation. ▪ Despite a high sample size, the low prevalence of the individual psychiatric disorders (eg, major depression, generalised anxiety disorder) prevented us from assessing their individual effect on outcomes, which would have been interesting and informative. Also, the low mortality rate in our sample could have resulted in a lack of power to detect differences in our stratified analyses. ▪ This was a primarily male (67%) sample, and may therefore not be representative of the general population. However, the proportions of men and women in this study are consistent with referral statistics to nuclear exercise stress tests.
(95% CI 1.73 to 2.93) for all-cause mortality, 2.71 (95% CI 1.68 to 4.36) for cardiac mortality, and 1.59 (95% CI 1.37 to 1.85) for cardiac events, associated with depressive symptoms or disorders among patients postmyocardial infarction (MI). 3 Recently, results of a review of meta-analyses further supported the recommendation that the American Heart Association elevate depression to the status of an official risk factor for adverse medical outcomes in patients with acute coronary syndrome. 4 Studies have also found increased risks of morbidity and mortality associated with depression among initially healthy participants. A meta-analysis assessing its impact on the development of CAD revealed a relative risk (RR) of 1.64 (95% CI 1.29 to 2.08) associated with depression. 5 Though there is an extensive literature linking depression to poorer cardiac outcomes in both patients with CAD and healthy cohorts, most studies have relied on self-report questionnaires (eg, Beck Depression Inventory, BDI) to assess depressive symptom levels, 6 7 rather than psychiatric interviews to assess clinical depression.
Anxiety disorders are also very common among patients with CAD, but less evidence exists regarding their association with adverse outcomes in these patients with established CAD. For example, a review by Suls and Bunde 8 identified 14 studies examining the relationship between anxious symptoms or disorders and cardiac morbidity and mortality among patients with CAD. Of these studies, five demonstrated positive associations, while eight found no association and one reported an inverse relationship suggesting a protective effect of anxiety. Differently, results appear more consistent across studies assessing the association between anxiety and the development of CAD. A meta-analysis of 20 studies including 249 846 initially CAD-free participants suggested that anxiety is associated with an increased risk of incident CAD (HR=1.26, 95% CI 1.15 to 1.38) and cardiac mortality (HR=1.48, 95% CI 1.14 to 1.92). 9 The authors also reported a non-significant trend for an association between anxiety and non-fatal MI (HR=1.43, 95% CI 0.85 to 2.40). The overall anxiety data might reflect some inconsistencies in the anxiety-CAD relative to the depression-CAD literature.
Surprisingly, few studies have assessed the relative and independent effects of depressive and anxiety disorders on CAD morbidity and mortality. This is important as depressive and anxiety disorders are highly comorbid (both in the general population 10 11 and in patients with CAD 12 13 ). Moreover, though the two disorders share many clinical characteristics (eg, sleep disturbances, concentration difficulties 11 ), they can also present with very different patterns of symptoms (eg, passivity and lack of motivation in depression vs compulsive and/or exaggerated proactive behaviours in anxiety). 11 It is therefore important to assess their relative effects on CAD morbidity and mortality. To our knowledge, no studies to date have assessed these associations in patients with and without CAD within the same cohort. This makes it difficult to tease apart the importance of psychiatric morbidity at different stages of the CAD process.
In this study, we aimed to assess the relative and independent associations between depressive and anxiety disorders and all-cause mortality and major adverse cardiovascular events (MACE), in a cohort of stable patients with and without established CAD, referred for nuclear medicine-based exercise stress testing. We hypothesised that patients with a depressive or an anxiety disorder would be at increased risk of all-cause mortality and MACE, compared with patients with no depressive or anxiety disorder. Furthermore, we hypothesised that patients with and without CAD with a depressive or an anxiety disorder would be at increased risk of all-cause mortality and MACE, and that the relationship would be stronger among the CAD group compared with the non-CAD group.
METHODS

Population
Patients referred for a single-photon emission CT (SPECT) exercise stress test between September 1998 and June 2002 in the Department of Nuclear Medicine of the Montreal Heart Institute (MHI) were approached to take part in this study. A total of 2460 patients agreed to participate in the study. Patients were eligible if they were between 18 and 75 years of age and could speak English or French. Patients were excluded if they had a medical condition that conferred a greater chance of morbidity or mortality than CAD (eg, cancer) or a documented cardiac event (eg, MI) within the past 6 weeks. Written informed consent was obtained from all participants.
Procedure
At baseline, patients were invited to participate in this study after completing their exercise testing. SPECT imaging was completed approximately 45 min after the end of the stress test. Immediately following SPECT imaging, patients were met by a research assistant who conducted a psychiatric, sociodemographic, and medical history interview.
For the follow-up measures, documented medical data covering the period between recruitment until 31 December 2008 were obtained from the Régie de l'assurance maladie du Québec (RAMQ), and included details and dates of all billable medical events occurring in the province. The RAMQ is the governmental institution responsible for the management of the Quebec public healthcare system and public medication insurance programme. Official mortality data over the same period was obtained from the Institut de la statistique du Québec, the governmental institution which is in charge of the recording and dissemination of Quebec's demographic and economic statistical data, including date and cause of death.
Baseline assessment of myocardial ischaemia All participants underwent nuclear (SPECT) exercise stress testing (treadmill, Bruce protocol) according to standard procedures. 14 As such, patients were on continuous ECG recording while exercising, using a standard 12-lead ECG configuration (Marquette Medical Systems Inc, Milwaukee, Wisconsin, USA), and a radioisotope (Technetium (99mTc) sestamibi) was injected when patients reached maximal exercise capacity. All patients exercised until exertion or until a technician terminated the test for clinical reasons (eg, significant ECG ischemia, arrhythmia). Patients underwent SPECT imaging 45 min after the completion of their treadmill test. A positive SPECT (Irix-3 model, Philips, Inc, Cleveland, Ohio, USA) diagnosis of myocardial ischaemia was defined as a two point change in the stress-rest differential score, independent of any underlying myocardial necrosis, 14 using standard software (Autoquant, Media Cybernetics, Gale Group, Framingtion Hill, Michigan, USA). All diagnoses were made in the clinical setting by qualified nuclear medicine physicians.
Baseline assessment of risk factors
Data regarding medications, cigarette smoking, diabetes, hypertension, dyslipidaemia, body mass index (BMI) and history of CAD were collected through a sociodemographic and medical interview. Participants reporting current or history of cigarette smoking were categorised as smokers. History of CAD was determined by patients' self-report of a previous MI, percutaneous coronary intervention or coronary artery bypass graft (CABG).
Baseline psychiatric assessment
Depressive and anxiety disorders were assessed at baseline using the Primary Care Evaluation of Mental Disorders (PRIME-MD). 15 The PRIME-MD is a semistructured psychiatric interview which was developed to identify the most common Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) disorders seen in primary and tertiary care settings. Validation studies reported a κ value of 0.71, a specificity of 88% and a sensitivity of 83% for the depression module of the PRIME-MD, which is comparable to longer interviews such as the Structured Clinical Interview for DSM-IV (SCID). 15 16 Follow-up outcomes MACE were categorised according to the standard protocol published by the WHO, 17 and included cardiac mortality, non-fatal MI, revascularisation procedures ( percutaneous transluminal coronary angioplasty (PTCA) and CABG), and cerebrovascular events (ie, stroke). 
Data reduction and statistical analyses
All data were analysed using SAS V.9.2 (SAS Institute, Cary, North Carolina, USA). Of the 2460 participants initially recruited, 70 were lost to follow-up due to missing data in the matching process (eg, absence of social insurance number or birth date) with the RAMQ databases, resulting in a final sample of 2390 patients. One-way general linear models and χ 2 analyses were used to compare baseline sociodemographic and clinical characteristics of patients with and without depressive and anxiety disorders, and with and without CAD. Since height and weight were collected among the second half of the sample only, BMI could not be calculated for 66% of the sample. As data were missing for some variables (see table 1 for details), multiple imputation procedures 18 were performed to estimate missing values. This procedure creates five data sets for each variable containing missing data. More specifically, it uses all other available data to calculate plausible values representing the uncertainty about the right data to impute. Each of these imputed data sets is then analysed using standard procedures for complete data, and the final results come from the combination of these five analyses, which is obtained through the SAS PROC MIANALYZE statement.
Cox regression models were used to assess the main effect of depressive and anxiety disorders on time to first event. For each of the main outcome variables (all-cause mortality or MACE), three models were computed: model 1 included the presence of depressive disorders and the presence of anxiety disorders as separate independent variables, and was conducted using the whole sample of patients (ie, 2390 patients with and without a history of CAD). Model 2 also included depressive and anxiety disorders as the independent variables, but was conducted among patients only with CAD, while model 3 tested the effects of depressive and anxiety disorders among patients with no CAD. The first occurrence of the outcome variable was taken as the event for analysis. Owing to the known association of the following variables with CAD, 19 all regression models were adjusted for baseline age, sex, smoking status, history of CAD (in model 1 only), diabetes, hypertension, dyslipidaemia, SPECT evidence of exercise-induced myocardial ischaemia and BMI. All covariates were determined a priori as recommended. 20 
RESULTS
Sociodemographic and clinical characteristics
The sample was composed of 789 (33%) female and the mean (SD) age at baseline was 57 (SD=9) years.
Participants were followed for a mean (SD) period of 8.8 (1.3) years (range from 1.0 to 10.1). In total, 721 (30%) patients had at least one MACE during the follow-up period, and 165 (7%) cases of mortality were observed (see figure 1) . A total of 48% of all deaths were due to cancer and 32% were due to cardiac causes (table 1).
All-cause mortality
Main effects of depressive and anxious disorders: whole sample When adjusting for covariates, depressive disorders, but not anxiety disorders, were associated with all-cause mortality, such that patients who suffered from a depressive disorder at baseline were nearly three times more likely to die compared with patients with no depressive disorder at baseline (table 2).
Main effects of depressive and anxiety disorders: stratified by CAD status Our results revealed an association between depressive disorders and all-cause mortality in the non-CAD group only. Specifically, depressed patients without CAD were more than four times more at risk of dying than nondepressed patients without CAD. However, patients with CAD who also had a depressive disorder were not at increased risk of mortality when compared with their non-depressed counterparts (figure 2). Finally, there was no association between anxiety disorders and allcause mortality among either the CAD or the non-CAD group.
Sensitivity analyses: the association between depressive and anxiety disorders, and specific causes of death In order to better understand how depressive and anxiety disorders influence the risk of mortality, we conducted sensitivity analyses assessing the association between depressive and anxiety disorders, and cancer and CVD deaths separately. Results of this analysis yielded no significant association between depressive (adjusted RR=2.30; 95% CI 0.58 to 10.00) or anxiety disorders (adjusted RR=0.26; 95% CI 0.03 to 2.03) on CVD mortality. On the other hand, results suggested a trend for an association between depressive disorders Main effects of depressive and anxiety disorders: stratified by history of CAD Our results revealed non-statistically significant trends for associations between depressive disorders and MACE in the non-CAD group, and between anxiety disorders and MACE in both the CAD and the non-CAD groups (table 2) .
DISCUSSION
Results of the present study partially confirmed our hypotheses by indicating that patients with a depressive, but not anxiety disorder, were at an increased risk of allcause mortality. When our sample was stratified according to CAD status, we also observed that depressive disorders remained associated with mortality, but in patients without CAD only. Of note, these relationships were independent of traditional CAD risk factors, as well as anxiety disorders. These results are consistent with others who have found symptoms of depression (rather Figure 1 Raw proportions of all-cause mortality and major adverse cardiovascular events (MACE), according to depressive disorders, anxiety disorders and cardiovascular event (CAD) status. than disorders), but not anxiety, to be associated with an increased risk of all-cause mortality among patients with heart failure and among patients referred for an exercise stress test. [21] [22] [23] The implications of our results are that depression and anxiety may act differently on health-related factors associated with mortality. Although both disorders have been associated with some similar behavioural and physiological mechanisms that may increase the risk of mortality (eg, increased cigarette smoking 24 25 and alcohol consumption, 26 27 impaired hypothalamic-pituitary-adrenal (HPA) axis function 28 29 ), these disorders have also been found to differ according to some other important health factors. For example, a meta-analysis on the effects of anxiety and depression on patient adherence to medical treatment 30 found the associations between anxiety and non-adherence with medical regimens to have small and non-significant effect sizes. In contrast, the relationships between depression and nonadherence were significant and considerable. Compared with depressed patients, individuals with anxiety disorders might be more hypervigilant and proactive regarding their health, possibly because they are known to be more sensitive to even small bodily changes. 11 31 This hypervigilence might bring patients to consult their physicians more often and to better follow their recommendations. These protective behaviours may counterbalance some adverse effects of other known mechanisms associated with anxiety, such as sympathetic hyperactivity and platelet aggregation. 32 Consistent with results for the entire sample, there was no effect of anxiety on the risk of mortality in patients with or without CAD. However, depressive disorders were predictive of mortality, but only among patients with no CAD. The explanations for this unexpected finding are unclear. It is possible that CAD itself confers more important physiological consequences than depressive disorders, and would therefore explain the risk of mortality better than depression among patients who already have confirmed CAD. It is also possible that this result may be driven by cause of death in patients with and without CAD. Indeed, patients with CAD may have been more likely than the non-CAD to die from cardiovascular than from other causes such as cancer, and cardiovascular deaths were not associated with depression in sensitivity analyses. In order to test this hypothesis, we conducted an exploratory analysis, and found that patients with CAD died more often from cardiovascular diseases then from other causes, when compared with patients without CAD (F=13.87, p<0.001). This could explain the absence of significant association between depressive disorders and mortality among patients with a history of CAD.
Finally, it is possible that the failure to find an association between depression and mortality in patients with CAD is due to differences in the populations and recruitment centres. For example, our sample was recruited from the MHI, which is a highly specialised tertiary care cardiology centre. For example, this cardiology hospital includes a Department of Psychosomatic Medicine, whose mission is to 'provide medical and psychiatric expertise to help doctors diagnose and treat mental symptoms that may appear during a hospital stay or as a result of surgery or that may be detected during a consultation in an outpatient clinic'. The MHI's treatment and referral practices, for both cardiovascular disease and depressive disorders, might therefore differ from those of other studies who have recruited from general hospital settings. 33 34 This may have improved patient's psychological and cardiovascular prognoses and study outcomes. This difference could also explain the lower mortality rate observed in our study, versus rates observed in previous studies. 22 33 34 In contrast to patients with CAD, depressive disorders in patients with no CAD were predictive of worse mortality, which may be explained by many of the welldocumented mechanisms in the previous literature. Depression's association with decreased motivation and compensatory behaviours 11 has been linked to higher rates of poor health behaviours (eg, non-adherence to medical regimens, 30 increased cigarette smoking 35 36 and alcohol consumption, 37 poor diet and physical inactivity 38 ), which have all been associated with higher rates of chronic disease mortality. [39] [40] [41] [42] Depression has also been associated with dysregulated physiological processes (eg, impaired HPA axis function, 29 43 endothelial dysfunction, 44 reduced heart rate variability 45 and increased inflammatory processes such as increased levels of interleukin-6 46 47 ), which are also associated with many fatal chronic diseases. 48 49 Our results further suggested non-statistically significant trends for associations between depressive disorders and MACE in the non-CAD group, and between anxiety disorders and MACE in both the CAD and the non-CAD groups. It is possible that with a larger sample size and/ or more events, these associations may become statistically significant. As suggested above, the non-statistically significant finding for an association between anxiety disorders and risk for MACE may be explained through hypervigilence to changes in bodily symptoms and subsequent proactive behaviours (eg, more frequent medical visits, 50 better adherence to medical regimens 51 ). These behaviours may result in earlier detection and treatment of symptoms, which may alter the adverse physiological effect of anxiety and lower the strength of the association between anxiety disorders and MACE. It is noteworthy that these results for anxiety disorders are partly consistent with results reported in the meta-analysis from Roest et al. 9 In this meta-analysis, a non-significant trend is reported for the association between anxiety and non-fatal MI. The HR and 95% CI reported in Roest study (HR=1.43, 95% CI 0.85 to 2.40) is also very similar to what we observed in the present study (HR=1.44, 95% CI 0.91 to 2.27).
On the other hand, the reasons for the non-significant relationship between depressive disorders and MACE, especially among patients with CAD, are unclear, and contradict most previous studies. As hypothesised above, it is possible that the highly specialised tertiary cardiology care setting of our study explains the discrepancy between our results and those of previous studies. Nonetheless, our results are consistent with those reported by Welin et al, 52 who found no increase in the risk of non-fatal MI among patients with depressive or anxious symptoms, while having reported a main effect of depressive symptoms only on all-cause mortality. Interestingly, the 10-year follow-up period in Welin's study is very close to our 9-year follow-up, and differs from the average 2-year period of most previous studies. 3 It is possible that depression and/or anxiety adversely affect non-fatal prognosis early after MI, rather than having a long-term effect. In that case, the association between depression and non-fatal events would be minimised in studies including a long follow-up period. Clearly, further work is needed to disentangle these research findings.
The absence of an association between depressive disorders and the incidence of MACE, in spite of a main effect on the risk of all-cause mortality, seems to suggest that depressive disorders might represent one core mechanism underlying a large and diverse set of health risks, rather than representing a risk factor for a specific health condition such as CAD. This is further supported by our sensitivity analyses where the effect of depressive disorders did not reach significance for specific causes of death. This is also consistent with Sun et al, 53 who reported an effect of depressive symptoms on all-cause mortality, but not on specific causes of death such as ischaemic heart disease, stroke or cancer.
Study limitations and strengths
This study contains methodological limitations. First, by design, this study does not infer causality, and there could be unknown factors that were not adjusted for that could have skewed our results. Second, the study population consists of patients referred for a nuclear medicine-based stress test, in which CAD was suspected or followed up. This population is therefore neither completely representative of the general population nor of patients with established CAD, which affects the generalisation of the results. Third, it is possible that the 9-year follow-up period was not long enough to capture a sufficient number of events and to further observe increased mortality due to depression. Fourth, BMI had to be imputed for about half of the sample, which could have biased our results. However, we conducted the statistical models a second time without BMI as a covariate, and we obtained the same pattern of results, suggesting that our results have not been influenced by this limitation. Fifth, we did not assess treatment for depressive and anxiety disorders nor the evolution of the disorders over the follow-up period. The attenuation of symptoms, or the complete psychological remission in some patients may have influenced the adverse effect of depressive and anxiety disorders and moderated our results. Finally, this was a primarily male (67%) sample, and may therefore not be representative of the general population. However, the proportions of men and women in this study are consistent with referral statistics to nuclear exercise stress tests. 34 54 Despite the above limitations, this study has several strengths. To our knowledge, it is the first study to examine the relative and independent effect of depressive and anxiety disorders on the prospective risk of MACE and mortality among patients with and without CAD. The use of a valid structured clinical interview to assess depressive and anxiety disorders constitutes another important strength. The large sample size (n=2390), the inclusion of both men and women, the inclusion of several important covariates in the analyses, the relatively long follow-up period (8.8 years) , and the use of objective administrative database data to assess outcomes are other important strengths.
CONCLUSION
Results of the present study suggest that patients suffering from depressive but not anxiety disorders are almost three times more likely to die over a nearly 9-year follow-up period, compared with patients without depressive disorders. When considering patients with and without CAD separately, depression appears to increase the risk of death in non-CAD only. We also found no conclusive evidence of an increased risk of MACE among patients with depressive or anxiety disorders, regardless of their CAD status. Overall, our results highlight the importance of depressive disorders as a risk factor for all-cause mortality, and therefore stress the importance of optimal screening, referral and treatment practices regarding depressive disorders among the general population, and particularly among patients who may be at risk for CAD. Competing interests KLL had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
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